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A cation-responsive electrode system has been developed which 
incorporates aza-substituted crown ethers as ligands. In a novel 
application, uncomplexed crown ethers were used in the pelletized form 
for ionic transport. Electrodes have been produced which can be 
conditioned for a particular ion and following their use, be 
reconditioned and reused for other ions. Preparation method and 
lifetime studies are included. 
The responses of two crown ethers with two plasticizers were 
evaluated for thirteen representative cations. The concentration range 
covered in each evaluation was 1 x 10-l to 1 x 10-7 M. For those ions 
exhibiting Nernstian or near-Nernstian response, selectivity 
coefficients were derived. 
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Ion selective electrodes have been shown to be effective analytical 
tools in determining the concentration of a variety of types of 
electroactive species in solution. Current applications include the 
evaluation of pollutants and the quantitation of bodily fluid 
constituents.I 
Many kinds of ion selective electrodes (ISE's) exist. Among these 
are glass electrodes, solid state crystalline electrodes, and coated 
wire electrodes. The type of ion selective electrode of interest here 
is the neutral carrier based membrane electrode. 
Research has shown that naturally occurring antibiotics, 
valinomycin in particular, are effective neutral carriers for inorganic 
ions such as potassium.3-5 This property has resulted in a variety of 
applications for these types of molecules. The first examples of 
valinomycin based liquid-membrane electrodes6 were developed in 1966. 
The structure of valinomycin as ·it exists in the complexed form,2 is 
indicated by Fig. 1. 
In 1967 C.J. Pedersen synthesized a class of compounds, cyclic 
polyethers, which resembled valinomycin in structure and behavior.7,8 
His findings indicated that by varying the starting materials and · 
solvent, cyclic polyethers (crown ethers) could be formed with differing 
numbers of atoms in the ether ring and with a variety of substituent 
groups. The similarities of crown ethers in structure and behavior to 
the previously studied valinomycin has led to extensive investigation 
2 
into their use as ligands for phase transfer catalysis and, of 
particular interest, ion selective electrode membranes. 
Figure 1. The structure of the valinomycin-potassium complex. 
3 
Encumbered by the use of the proper names for cyclic polyethers, 
Pedersen developed the trivial naming system which is still extensively 
used. It is based upon the total number of atoms in the polyether ring, 
the class name "crown", and the number of oxygen atoms in the polyether 
ring. Indications of substituent groups are made as prefixes. Thus, the 
molecule in Fig. 2 would be called 18-crown-6, and the molecule in Fig. 
3 would be called dibenzo-22-crown-6. 
Figure 2. The molecular structure of 18-crown-6. 
0 0 
l_o__) 
Figure 3. The molecular structure of dibenzo-22-crown-6. 
In his original paper, Pedersen published his findings that crown 
ether molecules have the ability to form complexes. The attraction of 
interest in the formation of these complexes is that between the cation 
and the unbonded electron pairs associated with the oxygen atoms in the 
crown ether ring. The cavity in the center of the molecule was thought 
to be large enough to enclose any unsolvated or uncoordinated inorganic 
cation resulting in a 1:1 cation:crown complex.7 
Later work indicated that not all combinations of inorganic salts 
with crown ethers form stable complexes, although slight interactions 
nevertheless occur.8 Subsequent reports have confirmed Pedersen's 
findings that particularly strong attractions are formed between crown 
ethers and alkali metal ions.9,10 
As Pedersen continued his investigation, he discovered that 
complexes were formed between a variety of multivalent ions and crown 
ethers. The complexes formed were also found to have 2:1 and 3:2 
proportions of polyether to salt.11 
The stability constants associated with the formation of 
cation:crown ether complexes were also studied. The complexation 
reaction can be represented by: 
Kl 
M+ + P~PM+ 
where M+ represents the cation, 
p represents the crown ether, and 
Kl represents the equilibrium constant. 
Pedersen found that the constant, Kl, for the complexation of the 18-
crown-6 polyethers with alkali metal cations is maximized for the K+ 
4 
ion. This was explained with the theory that the competition between 
the crown ether (complex formation) and water (hydration) for attraction 
of the ion was optimized for the crown ether and a cation the size of 
K+. High charge density for an ion led to greater hydration and less 
effective competition on the part of the crown ether to form a 
complex. Conversely, larger ions with lower charge densities did not 
have a large enough attraction to the crown ether to form a strong 
complex. Thus, a relationship between the size and charge density of 
cations and the cavity size of a given crown ether was established.12 
Using Pedersen's work as a basis, several teams of investigators 
have gone on to develop electrode systems based on crown ethers. By 
incorporating dimethyldibenzo-30-crown-10 into a poly(vinyl chloride) 
membrane, Ryba and Petranek prepared electrodes which were responsive to 
alkali metal and alkaline earth metal ions. These electrodes were also 
found to be selective for Li+, Na+, K+, Mg++, ca++, and Ba++ ions in 
aqueous solution.9 
Studies have gone on to describe many facets of complexation. 
William Wallace, et. al., have investigated mechanisms, molecular 
dynamics, and kinetics of complexes formed between 18-crown-6 and alkali 
and alkaline earth ions.13-16 
Crown ether molecules exist which have sulfur or nitrogen atoms 
within the ether ring instead of oxygen atoms.17,18 Examples of these 
are given in Figs. 4 and 5. Investigation into the characteristics of 
ion selective electrodes based on substituted crown ethers has been 




Figure 4. Structure of 1,10-dithia-18-crown-6. 
Figure 5. Structure of pentaaza-15-crown-5. 
EXPERIMENTAL 
Source of Reagents 
The tetraaza-12-crown-4 and hexaaza-18-crown-6 were obtained from 
Parish Chemical Company and were used as received. The metal ions were 
used ·as the chloride salts except for iron (III), lead (II), strontium 
(II), and zinc (II) which were used as the nitrate salts and nickel (II) 
which was used as either the sulfate salt or the chloride salt. The 
EDTA (Aldrich Gold Label disodium salt) was converted to the tetraacid 
form prior to use. Poly(vinyl chloride) (PVC) was 99% Gold Label from 
Aldrich. The dibutyl phthalate was obtained from Matheson, Coleman & 
Bell. Tetrahydrofuran was ChromAR grade from Mallinckrodt. The 
nitrophenyl octyl ether was puriss p.a. grade from Fluka. 
All solutions were prepared using deionized water obtained from a 
Culligan SR polishing system. 
Apparatus Used 
Potentials (in millivolts) were detected using either a Corning 
model 130 pH/ion meter or a Corning Model 155 pH/ion meter. Each 
saturated calomel electrode (SCE) used had either a cracked bead 
junction or a fiber junction. Silver-silver chloride reference 
electrodes were prepared in the laboratory using the method developed by 
Mc!nnes.19,20 A Corning Model 155 pH meter and Corning Combination X-EL 
pH electrode were used for pH measurements. Infrared spectra were done 
on a Perkin Elmer Model 1420 Ratio Recording Infrared 
Spectrophotometer. Visible range absorptions were measured on a Bausch 
and Lomb Spectronic 20 Spectrometer. 
Preparation of Pellet Electrode 
Crown ether pellets were prepared by combining accurately weighed 
portions of crown ether (approximately 0.16 grams) and silver chloride 
(AgCl-approximately 0.02 grams). This mixture was ground with mortar 
and pestle to a fine consistency and pressed in a KBr die. Pressure of 
20,000 psi was applied for approximately 35 minutes. Pellets were 
approximately 1.0 millimeters thick. 
Pellets were coated three or four times with a solution of equal 
masses of PVC and plasticizer (either dibutyl phthalate or nitrophenyl 
octyl ether) dissolved in THF. The pellet was allowed to air dry 
between coatings. The final thickness of each pellet was approximately 
1.1 millimeters. 
The electrode was prepared by attaching the coated crown ether 
pellet to the end of a polycarbonate tube. The solution used as 
adhesive and sealant was PVC dissolved in THF. Electrode seals were 
allowed to dry at room temperature overnight. The average diameter of 
the active surface area of the electrodes was approximately 1.0 
centimeters. 
Pellet Electrode Conditioning 
Prepared electrodes were conditioned by transferring a 0.1 M 
solution of the electroactive species (EAS) to the inside of the tube 
and immersing the filled tube in deionized water. Filling solutions of 
chloride salts were saturated with silver chloride prior to filling. 
Conditioning time was 60 ± 5 minutes. Internal electrodes used were a 
8 
silver-silver chloride wire for chloride salt solutions and an SCE for 
nitrate and sulfate salts. An SCE was used as the reference electrode 
in each evaluation. 
Electrode Evaluation 
The response of each crown ether to each of thirteen cations was 
determined by two possible procedures. 
Procedure I 
The active surfaces of the pellet and reference electrodes were 
placed into a beaker of accurately measured deionized water, with the 
most common volume being either 50.00 or 200.00 milliliters. A 
standardized solution of 0.05 M EAS was added by accurately measured 
aliquots and potential readings (in millivolts) were recorded. Cation 
activities ranged from approximately 3 x 10-2 to 3 x 10-4 M. Potentials 
were measured using either a Corning Model 130 pH/ion meter or a Corning 
Model 155 pH/ion meter. 
Procedure II 
In order to cover a larger concentration range, an alternate 
procedure was developed. A series of 1:10 dilutions was made beginning 
with a standardized 0.1 M EAS solution resulting in six solutions with a 
concentration range of 1 x 10-l to 1 x 10-6 M. Electrodes were placed 
in an accurately measured aliquot (typically 35 to 50 milliliters) of 
each solution. Solutions were used in order of decreasing 
concentration. A smooth concentration gradient within each order of 
magnitude was achieved· by adding accurately measured aliquots of 
deionized water. Potential readings were recorded in the same manner as 
in Procedure I. 
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Pellet Electrode Storage 
Pellet electrodes were used repeatedly. Deconditioning and storage 
were accomplished by replacing the filling solution with deionized water 
and immersing the electrode in the same. Electrodes were allowed to 
decondition for at least 20 hours between uses. 
Selectivity Evaluation 
Selectivity coefficient values were determined using the separate 
solution method.21 The references and prepared electrodes were placed 
alternately in 0.05 M solutions of the primary and interfering ions. 
The potential generated in each solution was allowed to stabilize. 
Recorded potentials were then applied to the appropriate mathematical 
equation, and selectivity coefficients were derived. 
Standardization Procedures Used 
Aluminum 
The salt solution was diluted by appropriate measure to an 
approximate concentration of 0.01 M. An aliquot of the resulting 
solution was combined with excess EDTA solution (primary standard). The 
solution was neutralized using NH40H and/or NH4Cl solutions and was 
boiled for 2 to 3 minutes. The pH was rechecked before titration. 
Eriochrome Black T indicator was used and the titration was performed 
using standard Mg++ solution to a full pink color change.22 
Barium 
The salt solution was diluted by appropriate measure to an 
approximate concentration of 0.001 M. Metalphthalein indicator was 
added and pH was adjusted to )10 using NH40H before final dilution. 
Using a reference solution of approximately 0.001 M Ba++, percent 
11 
transmission readings were made of the test solution at a wavelength of 
582 nm. Corrected absorbance was plotted versus volume of standard EDTA 
solution added. The endpoint was extrapolated to give test solution 
concentration.25 
Cobalt 
The salt solution was diluted by appropriate measure to an 
approximate concentration of 0.004 M. The pH of the resulting solution 
was adjusted to 6 using NH40H and/or NH4Cl solutions and murexide 
indicator was added. Direct titration was done using standard EDTA 
solution to a yellow to violet color change.26 
Copper 
The salt solution was diluted by appropriate measure to an 
approximate concentration of 0.003 M. The pH of the diluted solution 
was adjusted to 8 using NH40H solution. To aliquots of the solution, 
murexide indicator was added, and titration was conducted using 
standardized EDTA solution to a yellow to violet color change.27 
Ethylenediamine Tetraacetic Acid (EDTA) 
The disodium salt was dissolved in water to which NaOH was added. 
An excess of concentrated HCl was added and the tetraacid was 
precipitated. The precipitate was filtered and dried in a 110°c oven 
for two days prior to use. After cooling, the anhydrous acid was 
weighed on an analytical balance and the resulting solution was used as 
a primary standard. 
12 
Iron 
Several crystals of sodium persulfate were added to the ferric salt 
solution which was then boiled for 3-4 minutes. Excess glycine was 
added in order to achieve a pH of 2-3. Two milliliters of tiron 
indicator were added to the solution which was warmed to 40°C. 
Titration was done using standard EDTA solution until disappearance of 
the green color.28 
Lead 
Lead salt solution was standardized by one of two procedures. The 
solution was diluted by appropriate measure to an approximate 
concentration of 0.0014 M. To the test solution, a known volume of 
standard Mg++ solution was added along with NaOH solution for 
neutralization. Buffer of pH 10 and Eriochrome Black T indicator were 
added and titration was carried out using standard EDTA solution to a 
color change of red to blue. The alternate procedure involved back 
titration of an excess of EDTA with standadized Mg++ solution. 29 
Lithium 
Anhydrous lithium chloride was dried for one to two days in a 110°c 
oven, allowed to cool, and weighed on an analytical balance. The 
resulting salt solution was used as a primary standard. 
Magnesium 
The salt solution was diluted by appropriate measure to an 
approximate concentration of 0.01 M. The test solution was neutralized 
with NaOH solution if necessary. Prior to titration, pH 10 buffer and 
Eriochrome Black T indicator were added. A red to blue color change was 
achieved by titration with standard EDTA solution.30 
13 
Nickel 
The salt solution was diluted by appropriate measure to an 
approximate concentration of 0.0026 M. The test solution was 
neutralized with NH40H and/or NH4Cl solutions. Murexide indicator and 
additional NH4Cl solution were added and titration was conducted using 
standard EDTA solution. Shortly before the endpoint was achieved, 
concentrated NH40H solution was added and the titration was continued to 
a color change of yellow to violet.31 
Potassium 
Standardization of the salt solution was accomplished by passing 
the undiluted solution through a glass column packed with Amberlite IR 
120A cation-exchange resin. The resulting acid solution was titrated 
with standardized NaOH solution to a pale pink phenolphthalein 
endpoint.23 
Sodium 
Standardization for the sodium salt solution is the same as that 
used for the potassium salt.23 
Sodium Hydroxide (NaOH) 
Anhydrous potassium hydrogen phthalate was dried and cooled. An 
appropriate mass of this acid was weighed on an analytical balance and 
dissolved in super deionized water. Titration was conducted using the 
NaOH test solution to a pale pink phenolphthalein endpoint.24 
Strontium 
Standardization procedure for the strontium salt solution is the 
same as that used for barium salt.25 
14 
Zinc 
The salt solution was diluted by appropriate measure to an 
approximate concentration of 0.0038 M. If necessary, the test solution 
was neutralized with NaOH solution. Buffer of pH 10 and Eriochrome 
Black T indicator were added, and titration was conducted using standard 
EDTA solution to a red to blue color change.32 
RESULTS 
The general requirements for an electrochemical cell to be 
functional are that the system used must be chemically reactive, have 
the desired levels of precision and accuracy in the measurements, and 
operate under achieveable conditions of pressure and temperature. It 
must also minimize the influence of contaminants, and offer relative 
ease of handling and operation.33 Operating at atmospheric pressure and 
25°c, the electrochemical cell developed during this project has met 
these requirements (see Fig. 6). 
~ 
mV 
~--prepared pellet electrode 
reference e 1 ectrode ----1~• 
stirred test solution 
Figure 6. Electrochemical cell diagram. 
The response of an electrochemical system is dependent upon the 
activity of the ionic species involved in the process. The activity 
coefficient, f i , is calculated using the Debye-Huckel34 expression: 
0. 5085 Zi 2 .r;-
- log fi = -------
1 + 0.3281 di ~ 
where Zi = charge on the ionic species, 
µ = ionic strength, and 
di = effective hydrated diameter. 
Activity, ai, is then calculated from the molar concentration by: 
ai = (fi)(M) 
In the electrochemical system developed here, as with all such 
16 
systems, the potential generated is a result of two half reactions, or 
half cells. For the oxidation reduction process occurring in each half 
cell, the potential can be calculated using the Nernst equation35 
E = Eo _ RT ln ared 
nF 
where E = the observed potential, 
E0 =the standard potential for the half cell, 
R = the molar gas constant, 
T = the absolute temperature, 
n = the number of electrons involved in the half reaction, 
F = the Faraday constant, 
ared = the activity of the reduced chemical species, and 
a0x = the activity of the oxidized chemical species. 
17 
For electrode systems, the form of the Nernst equation9,ll which is 
commonly used is: 
E = E o + 2 • 30 3 nRFT 1 o g a 
where a = activity of the electroactive species, and 
n = charge on electroactive species. 
When potential is plotted versus activity decade, Nernstian, or 
ideal, behavior is indicated by a response slope of 59.16/n where n 
represents the charge on the electroactive species. 
In selecting materials to comprise the ion-transfer barrier, two 
molecules were chosen based upon their predicted behavior and lack of 
published applications in the ion selective electrode area. The 
molecules selected were tetraaza-12-crown-4 (Fig. 7) and hexaaza-18-
crown-6 (Fig. 8). 
Electrodes developed during this study were based on systems 
described in earlier work. Crown ethers have commonly been incorporated 
into electrodes by the formation of membranes. Exact preparation 
procedures for membrane formation have been published where crown ether, 
plasticizer and polyvinyl chloride were dissolved together in an organic 
solvent and upon evaporation of the solvent, a membrane resulted. 36 
Upon discovering that aza-substituted crown ethers are water soluble and 
insoluble in common organic solvents, it was found that membrane 
formation was unsuitable. Instead, the crown ethers were pelletized and 
covered with a protective PVC/plasticizer coating. 
The first plasticizer selected for use in the crown ether coating 
was dibutyl phthalate37 (Fig. 9). Using this coating material, the 
responses of tetraaza-12-crown-4 and hexaaza-18-crown-6 electrodes were 






Figure 7. The molecular structure of tetraaza-12-crown-4. 
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Figure 9. The molecular structure of dibutyl phthalate. 
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Tables I and II. Electrode responses which fit the Nernst equation are 
termed, appropriately, Nernstian. Ions which exhibit this type of 
behavior indicate a response worthy of further investigation. 
Evaluations which give slopes other than. Nern~tian are sometimes of 
interest if the response has very little noise (e.g., has a small 
standard deviation of the slope) and covers a large linear range. Those 
responses which fit these criteria are further investigated as to their 
selectivities. 
Selectivity determinations are carried out using ion-selective 
electrodes to show the electrode's ability to differentiate ions in 
solution. Ideally, an electrode conditioned to respond to the sodium 
ion, for instance, should be "selective" for the sodium ion. 
The method used in this study to determine selectivities was the 
Separate Solution Method.21,38 The selectivity coefficient, k, can be 
found using the following equation: 
+ .~ - ~: 11 og a 
where E1 and E2 are the potentials measured for the primary and 
interfering ion solutions, respectively, ZA is the charge on the primary 
ion, z8 is the charge on the interfering ion, and a represents the equal 
activities of the test solutions. 
For determinations using primary and interfering ion solutions of 
different activities, the above equation can be manipulated to give: 
20 
log k 
where aA = the activity of the primary solution, and 
a8 = the activity of the interfering ion solution. 
Those ions giving Nernstian or near-Nernstian response were used as 
primary ions in selectivity coefficient determinations. Tables Ill 
through VII indicate the values for tetraaza-12-crown-4 electrodes and 
Tables VIII through X indicate the values for hexaaza-18-crown-6. 
The second plasticizer used for the crown ether pellet coating was 
2-nitrophenyl octyl ether39 (Fig. 10). 
Figure 10. The molecular structure of 2-nitrophenyl octyl ether. 
Using this plasticizer, the responses of the electrodes based on both 
crown ethers were evaluated as previously described (see Tables XI and 
XII), and selectivity coefficients were calculated (see Tables XIII 
through XVII). 
Table I 
Tetraaza-12-Crown-4 with Dibutyl Phthalate 
Mean Slope Li near Range 
Ion (mV/decade) SD Slope Slope 1 (SD) Slope 2 (SD) Slope 3 (SD) (-log a;) 
Al+++ 22.3 7.0 29.4 (1.1) 22.0 (0.8) 15.4 (0.9) 2.028 to 2.519 
Ba++ 25.2 2.3 27.7 (0.8) 24.8 (0.3) 23. 2 ( 0. 9) 3.126 to 3.912 
co++ 48.0 0.6 47 .9 (4.0) 47.4 (3.2) 48.7 (3.2) 2.252 to 2.951 
cu++ 45.0 .0.8 45 • 6 ( 1. 2 ) ** 44 . 1 ( 1. 5 ) ** 45 . 4 ( 1. 8) ** 1.535 to 3.884 
Fe+++ 57.7 3.9 62.2 (2.1)* 55.4 (0.9)* 55.4 (2.0)* 4.274 to 5.870 
K+ 56.3 7.0 63.7 (0.5) 55 .4 ( 1.1) 49. 7 ( 1.4) 1. 343 to 3. 380 
Li+ -15.7 0.6 . -15.8 (0.6)* -15.0 (0.3) -16.3 (0.4) 1.545 to 2.863 
Mg++ -25.7 0.9 -26.8 (0.6) -25.0 (0.5) -25.2 (0.5) 1. 464 to 3 . 894 
Na+ 12.4 0.4 12.0 (0.3) 12.4 (0.5) 12.8 (0.3) 3.227 to 5.040 
Ni++ 34.4 1.5 34.7 (3.5) 35.8 (4.2) 32.8 (2.6) 1. 539 to 2 .148 
Pb++ 35.6 5.6 41.3 (2.1)** 35 • 5 ( 1. 9) ** 30 . 0 ( 1. 3) ** 2.898 to 5.255 
Sr++ 15.5 1.7 17.3 (1.4) 13.9 (0.7) 15.3 (2.2) 5.028 to 5.722 
zn++ 26.9 2.8 26.0 (0.9) 30.0 (0.6) 24.6 (0.6) 2.262 to 4.714 
*Average of two values. 
**Average of three values N ~ 
Tab le II 
Hexaaza-18-Crown-6 with Dibutyl Phthalate 
Mean S-lope-- ----- -- -- -- - -- -- - Li near Range 
Ion (mV/decade) SD Slope Slope 1 (SD) Slope 2 (SD) Slope 3 (SD) (-log ai) 
Al+++ -39.8 2.5 -37.1 (0.3) -40. 5 ( 0. 5) -41.9 (0.5) 2.099 to 4.813 
Ba++ 14.8 1.2 13.4 (0.4) 15.6 (0.2) 15.3 (0.6) 3.126 to 5.769 
ca++ 40.4 10.2 30 .4 (O. 7) 40.0 (3.1) 50.8 (2.9) 2.252 to 2.951 
cu++ 36.5 2.9 34.7 (0.3) 34.9 (0.6) 39 .8 (1.2) 3.099 to 4.495 
Fe+++ -28.1 1.3 -29.1 (0.6) -28.6 (0.6) -26.6 (0.6) 2.657 to 5.865 
K+ 55.0 14.8 51.0 (0.5) 71.4 (3.9) 42. 7 ( 0. 7) 1.456 to 2.931 
u+ 21.5 0.1 21.6 ( 0 .8) 21.4 (0.7) 21.6 ( 1.1) 3.851 to 5.700 
Mg++ 23.6 5.5 29.6 (1.6) 22. 3 ( 1. 3) 18.9 (1.1) 2.308 to 3.031 
Na+ 24.1 0.8 24.7 (0.7) 23 .1 ( 1. 2) 24.4 (1.3) 3.053 to 4.895 
Ni++ -36.8 1.0 -35.7 (0.5)* -36.9 (0.4)* -37.8 (0.4)* 1. 5 23 to 2 • 608 
Pb++ 28.1 3.0 31.2 (1.9) 25.2 (0.5) 27.9 (0.8) 3. 264 to 3. 770 
Sr++ 13.6 2.4 13.7 (0.4) 16.0 (0.8) 11.2 (0.3) 5.028 to 6.832 
zn++ 35.2 2.7 32.8 (0.8) 34 .6 (1.3) 38. 2 ( 1. 5) 3.100 to 4.714 




Tab le I II 
Selectivity Study: Tetraaza-12-Crown-4 (Dibutyl Phthalate) 
Primary Ion: Al+++ 
Interfering K K K Mean 
Ion Trial 1 Trial 1 Trial 3 K SD 
Ba++ 5.40 5.46 5.34 5.40 0.06 
ca++ 3.75 4.37 4.12 4.08 0.31 
cu++ 4.76 4.70 4.65 4.70 0.06 
Fe+++ 1.74 1.82 1.84 1.80 0.05 
K+ 1480 1320 1290 1360 100 
Li+ 458. 486. 453. 466. 18. 
Mg++ 2.03 1.61 2.11 1.92 0.27 
Na+ 473. 495. 462. 477. 17. 
Ni++ 3.15 3.07 3.26 3.16 0.10 
Pb++ 5.44 5.85 5.08 5.46 0.38 
sr++ 4.86 5.40 4.91 5.06 0.30 
zn++ 4.21 4.26 4.07 4.18 0.10 
Table IV 
Selectivity Study: Tetraaza-12-Crown-4 {Dibutyl Phthalate) 
Primary Ion: Ba++ 
Interfering K K K Mean 
24 
Ion Trial 1 Trial 2 Trial 3 K SD 
Al+++ 0.392 0.411 0.418 0.407 0.013 
ca++ 1.03 0.951 0.944 0.975 0.048 
cu++ 0.831 0.831 0.837 0.833 0.003 
Fe+++ 0.386 0.424 0.455 0.422 0.035 
K+ 38.4 36.4 40.0 38.3 1.8 
Li+ 19.5 19.8 19.8 19.7 0.2 
Mg++ 0.806 0.788 0.838 0.811 0.025 
Na+ 25.4 26.2 26.2 25.9 0.5 
Ni++ 0.950 0.879 0.846 0.892 0.053 
Pb++ 1.46 1.53 1.48 1.49 0.04 
sr++ 1.07 0.999 1.13 1.07 0.06 
zn++ 0.967 0.998 0.998 0.988 0.018 
25 
Table V 
Selectivity Study: Tetraaza-12-Crown-4 (Dibutyl Phthalate) 
Primary Ion: ca++ 
Interfering K K K Mean 
Ion Trial 1 Trial 2 · Trial 3 K SD 
Al+++ 0.607 0.598 0.567 0.591 0.021 
Ba++ 1.23 1.11 1.10 1.15 0.07 
cu++ 0.885 0.858 0.899 0.881 0.021 
Fe+++ 0.576 0.575 0.584 0.578 0.005 
K+ 14.6 14.6 14.3 14.5 0.2 
Li+ 9.68 9.16 9.84 9.56 0.36 
Mg++ 0.826 0.908 0.915 0.883 . 0.050 
Na+ 13.2 12.9 13.0 13 .0 0.2 
Ni++ 0.976 0.976 0.954 0.969 0.013 
Pb++ 0.992 0.992 0.992 0.992 0.000 
sr++ 1.01 1.06 1.12 1.06 0.06 
zn++ 0.914 1.04 1.05 1.00 0.08 
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Table VI 
Selectivity Study: Tetraaza-12-Crown-4 (Dibutyl Phthalate) 
Primary Ion: K+ 
Interfering K K K Mean 
Ion Trial 1 Trial 2 Trial 3 K SD 
Al+++ 0.105 0.105 0. 0972 0.102 0.004 
Ba++ 0.111 0.112 0.120 0.114 0.005 
co++ 0.125 0.142 0.136 0.134 0.009 
cu++ 0.125 0.129 0.124 0.126 0.003 
Fe+++ 0.128 0.129 0.130 0.129 0.001 
Li+ 0.436 0.439 0.441 0.439 0.002 
Mg++ 0.0949 0.104 0.109 0.103 0.007 
Na+ 0.629 0.629 0.641 0.633 0.007 
Ni++ 0.110 0.109 0.119 0.113 0.006 
Pb++ 0.236 0.232 0.231 0.233 0.003 
Sr++ 0.115 0.122 0.123 0.120 0.004 
zn++ 0.190 0.173 0.176 0.180 0.009 
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Tab le VII 
Selectivity Study: Tetraaza-12-Crown-4 (Dibutyl Phthalate) 
Primary Ion: zn++ 
Interfering K K K Mean 
Ion Tri al 1 Trial 2 Trial 3 K SD 
Al+++ 0.561 0.557 0.561 0.560 0.002 
Ba++ 1.12 1.12 1.11 1.12 0.00 
ca++ 0.978 0.970 0.993 0.980 0.012 
cu++ . 0.907 0.907 0.928 0.914 0.012 
Fe+++ 0.610 0.583 0.569 0.587 0.021 
K+ 16.0 16.2 . 16.0 16.1 0.1 
Li+ 10.1 10.1 9.91 10.0 0.1 
Mg++ 0.901 0.901 0.901 0.901 0.000 
Na+ 13.0 13.0 13.0 13.0 0.0 
Ni++ 0.918 0.947 0.933 0.933 0.014 
Pb++ 1.03 0.993 1.01 1.01 0.02 
Sr++ 1.05 1.05 1.05 1.05 0.00 
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Tab 1 e VI II 
Selectivity Study: Hexaaza-18-Crown-6 (Dibutyl Phthalate) 
Primary Ion: cu++ 
Interfering K K K Mean 
Ion Tri a 1 1 Trial 2 Trial 3 K SD 
Al+++ 0.326 0.316 0.319 0.320 0.005 
Ba++ 0.699 0. 721 0.704 0.708 0.012 
ca++ 0.661 0.672 0.666 0.666 0.006 
Fe+++ 0.616 0.606 0.606 0.609 0.006 
K+ 18.6 18.7 18.4 18.6 0.2 
Li+ 22.7 22.0 22.5 22.4 0.4 
Mg++ 0.917 0.910 0.910 0.912 0.004 
Na+ 18.6 18.8 18.9 18.8 0.2 
Ni++ 1.76 1.76 1.74 1. 75 0.01 
Pb++ 1.84 1. 73 1.81 1.79 0.06 
Sr++ 1.25 1.27 1.28 1.27 0.02 
zn++ 0.877 0.884 0.864 0.875 0.010 
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Table IX 
Selectivity Study: Hexaaza-18-Crown-6 (Dibutyl Phthalate) 
Primary Ion: K+ 
Interfering K K K Mean 
Ion Trial 1 Trial 2 Trial 3 K SD 
Al+++ 0.167 0.164 0.167 0.166 0.002 
Ba++ 0.181 0.183 0.182 0.182 0.001 
co++ 0.190 0.190 0.189 0.190 0.000 
cu++ 0.220 0.220 0.218 0.219 0.001 
Fe+++ 0.284 0.285 0.288 0.286 0.002 
Li+ 0.871 0.851 0.851 0.858 0.012 
Mg++ 0.213 0.215 0.215 0.214 0.001 
Na+ 0.986 1.00 0.986 0.991 0.008 
Ni++ 0.300 0.300 0.300 0.300 0.000 
Pb++ 0.331 0.330 0.327 0.329 0.002 
Sr++ 0.267 0.269 0.267 0.268 0.001 
zn++ 0.230 0.226 0.228 0.228 0.002 
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Table X 
Selectivity Study: Hexaaza-18-Crown-6 (Dibutyl Phthalate) 
Primary Ion: zn++ 
Interfering K K K Mean 
Ion Trial 1 Tri al 2 Tri al 3 K SD 
Al+++ 0.311 0.316 0.318 0.315 0.004 
Ba++ 0.714 0. 714 0.709 0. 712 0.003 
co++ 0.588 0.620 0.620 0.609 0.018 
cu++ 1.09 1.10 1.11 1.10 0.01 
Fe+++ 0.859 0.840 0.840 0.846 0.011 
K+ 18.6 18.6 18.7 18.6 0.0 
Li+ 23.7 23.2 23.0 23.3 0.4 
Mg++ 0.975 0.990 0.982 0.982 0.007 
Na+ 18.9 19.0 19.2 19.0 0.2 
Ni++ 1.82 1.85 1.81 1.83 0.02 
Pb++ 1.85 1.84 1.83 1.84 0.01 
sr++ 1.41 1.43 1.42 1.42 0.01 
Table XI 
Tetraaza-12-Crown-4 with Nitrophenyl Octyl Ether 
Mean Slope Li near Range 
Ion (mV/decade} SO Slope Slope 1 (SO) Slope 2 (SO} Slope 3 (SO) (-log ai) 
Al+++ 18.1 0.6 18.8 (0.5) 18.1 (0.3) 17.5 (0.4) 2.799 to 4.994 
Ba++ 24.7 7.5 16.6 (1.2) 26 .1 ( 1. 5) 31.5 (2.3} 3.619 to 4.405 
co++ 27.5 2.6 30.2 (0.2) 27.1 (0.4) 25.1 (0.3) 2.025 to 6.465 
cu++ 17.7 0.6 17.1 (0.1) 18.3 (0.2) 17.7 (0.3} 1.615 to 6.929 
Fe+++ 27.5 1.2 26.2 (0.3) 27.8 (0.2) 28.6 (0.4) 2.489 to 4.551 
K+ 19.6 0.7 20 .o ( 0 .1) . 18.8 (0.2) 20 .1 ( 0 .1) 1.184 to 6 • 914 
Li+ 18.9 2.7 22 .0 (O. 7) 18.1 (0.8} 16.7 (0.5} 2.865 to 5.935 
Mg++ 11.9 0.9 12.8 (0.6) 12.0 (0.2) 10.9 (0.2) 3.067 to 4.933 
Na+ 30.1 1.0 30. 5 ( 0. 7) 30. 9 ( 0. 6) 28.9 (0.9} 1.817 to 3.930 
Ni++ 16.7 0.9 17.7 (0.3) 16.4 (0.3) 15.9 (0.3} 1.527 to 5.887 
Pb++ 26.8 2.1 24.4 (0.8) 27.8 (0.8) 28. 2 ( 1.0) 2.859 to 4.995 
sr++ 22.5 0.5 23.0 (2.0) 22 .1 ( 1. 0) 22. 3 ( 1. 7) 2.056 to 2.841 
zn++ 38.0 0.8 37.3 (1.1) 37.9 (1.5) 38 .8 (1.6) 3.058 to 4.546 
w ...... 
Table XII 
Hexaaza-18-Crown-6 with Nitrophenyl Octyl Ether 
Mean Slope Li near Range 
Ion (mV/decade) SD Slope Slope 1 (SD) Slope 2 (SD) Slope 3 (SD) (-log a;) 
Al+++ -45.2 8.1 -35.9 (0.4) -49.4 (0.4) -50.3 (0.5) 2.494 to 3.190 
Ba++ 5.29 1.82 4. 53 ( 0. 37) 3. 97 ( 0 .17) 7.36 (0.25) 4.003 to 5.801 
co++ -18.0 5.5 -11.7 (0.5) -20.6 (0.6) -21.8 (0.6) 1. 563 to 3 . 904 
cu++ -38.3 4.1 -33.6 (0.4) -40. 6 ( 0. 3) -40. 7 ( 0. 3) 2.035 to 2.946 
Fe+++ 47.3 1.2 47.4 (0.6) 46.1 (0.8) 48.4 (0.6) 4.105 to 5.506 
K+ 10.1 0.3 10.3 (0.4) 10.2 (0.5) 9.79 (0.54) 2.705 to 3.820 
Li+ 15.6 8.3 25.l (0.4) 12.1 (0.2) 9.54 (0.48) 1.121 to 2.856 
Mg++ 4.98 0.6 5.63 (0.15) 4.44 (0.19) 4.88 (0.10) 3.369 to 4.322 
Na+ 22.8 1.0 22.1 (0.5) 23.9 (0.6} 22.4 (0.6) 2.872 to 3.852 
Ni++ -12.2 0.8 -13.1 (2.5} -11.6 (1.4} -11.8 (1.5} 4.027 to 4.708 
Pb++ 25.2 0.9 24.1 (0.4) 25.7 (0.5) 25.7 (0.4) 2.268 to 4.995 
sr++ -22.5 2.9 -19.2 (0.3} -24.2 (0.5) -24.2 (0.4} 1. 599 to 2. 667 
zn++ -29.8 1.1 -28.5 (0.3) -30.6 (0.5} -30.3 (0.5) 2.027 to 3.378 
w 
N 
Tab 1 e XII I 
Selectivity Study: Tetraaza-12-Crown-4 (Nitrophenyl Octyl Ether) 
Primary Ion: Al+++ 
Interfering K K K Mean 
Ion Trial 1 Trial 2 Trial 3 K SD 
Ba++ 2.03 1.98 1.96 1.99 0.04 
ca++ 1.87 1.94 1.91 1.91 0.04 
cu++ . 1.81 1.81 1. 79 1.80 0.01 
Fe+++ 1.30 1.32 1.30 1.31 0.01 
K+ 74.4 76.2 . 74.4 75.0 1.0 
Li+ 104. 103. 100. 102. 2. 
Mg++ 1.82 1.89 1.84 1.85 0.04 
Na+ 101. 100. 98.0 100. 1. 
Ni++ 2.16 2.19 2.19 2.18 0.02 
Pb++ 5.20 5.39 5.58 5.39 0.19 
sr++ 1.74 1.80 1.80 1.78 0.03 




Selectivity Study: Tetraaza-12-Crown-4 (Nitrophenyl Octyl Ether) 
Primary Ion: Co++ 
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Selectivity Study: Tetraaza-12-Crown-4 (Nitrophenyl Octyl Ether) 
Primary Ion: cu++ 
Interfering K K K Mean 
Ion Trial 1 Tri al 2 Trial 3 K SD 
Al+++ 0.613 0.627 0.627 0.622 0.008 
Ba++ 0.306 0.299 0.304 0.303 0.004 
co++ 0.502 0.506 0.502 0.503 0.002 
Fe+++ 0.762 0.756 0. 716 0.745 0.025 
K+ 9.44 9.15 9.22 9.27 0.15 
Li+ 3.36 3.53 3.44 3.44 0.08 
Mg++ 0.277 0.281 0.281 0.280 0.002 
Na+ 8.59 8.52 9.00 8.70 0.26 
Ni++ 0.121 0.122 0.127 0.123 0.003 
Pb++ 1.08 1.11 1.11 1.10 0.02 
sr++ 0.241 0.245 0.253 0.246 0.006 
zn++ 0.818 0.837 0.850 0.835 0.016 
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Table XVI 
Selectivity Study: Tetraaza-12-Crown-4 (Nitrophenyl Octyl Ether) 
Primary Ion: Ni++ 
Interfering K K K Mean 
Ion Trial 1 Trial 2 Trial 3 K SD 
Al+++ 0.434 0.431 0.424 0.430 0.005 
Ba++ 0.726 0.760 0.760 0.749 0.020 
co++ 0.686 0.686 0.702 0.691 0.009 
cu++ 0.876 0.863 0.870 0.870 0.006 
Fe+++ 0.499 0.510 0.506 0.505 0.006 
K+ 11.5 11.4 10.3 11.1 0.7 
Li+ 8.11 8.05 7.92 8.03 0.10 
Mg++ 0.663 0.684 0.690 0.679 0.014 
Na+ 11. 7 11.1 11.5 11.4 0.3 
Pb++ 1.51 1.55 1.56 1.54 0.03 
Sr++ 0.658 0.680 0.700 0.679 0.021 
zn++ 0.810 0.822 0.816 0.816 0.006 
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Table XVII 
Selectivity Study: Hexaaza-18-Crown-6 (Nitrophenyl Octyl Ether) 
Primary Ion: Pb++ 
Interfering K K K Mean 
Ion Trial 1 Trial 2 · Trial 3 K SD 
Al+++ 0.637 0.622 0.608 0.622 0.014 
Ba++ 0.384 0.399 0.396 0.393 0.008 
co++ 0.857 0.840 0.824 0.840 0.016 
cu++ 0.153 0.156 0.154 0.154 0.002 
Fe+++ 0.461 0.472 0.464 0.466 0.006 
K+ 5.22 5.22 5.34 5.26 0.07 
Li+ 9.29 9.36 9.15 9.27 . 0.11 
Mg++ 0.141 0.149 0.155 0.148 0.007 
Na+ 9.62 9.92 9.84 9.79 0.16 
Ni++ 0.574 0.578 0.556 0.569 0.012 
sr++ 0.146 0.148 0.150 0.148 0.002 
zn++ 0.792 0.774 0.780 0.782 0.009 
DISCUSSION 
Preliminary experiments concerned evaluating the responses of the 
electrodes over small concentration ranges (Procedure I). When it was 
found that a larger concentration range should be tested, Procedure II 
was developed. Results using the two procedures were in agreement for 
duplicated concentration ranges (Fig. 11). The larger concentration 
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~2.5 . -1.9 
1 og ai , 
Figure 11. The response of the tetraaza-12-crown-4 electrode with 
dibutyl phthalate for co++. 
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In order to determine the limit of detection, a recommended 
technique was used. 21 For each evaluation, the linear range reported is 
the largest area of linear response which is common to the three trials 
which comprise the evaluation. Also reported is the standard deviation 
of the slope for each trial. For the linear range shown, a standard 
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Figure 12. The response of the tetraaza-12-crown-4 electrode with 
dibutyl phthalate for K+. 
While Procedure II covered a large concentration range (1 x 10-l to 
1 x 10-7 M), its use with electrodes which incorporated dibutyl 
phthalate as the plasticizer brought about some difficulties. The 
responses of the tetraaza-12-crown-4 based electrode for Cu++, Fe+++, 
Li+, and Pb++ and the response of the hexaaza-18-crown-6 based electrode 
for Ni++ showed a "stair-step" effect where several activity orders of 
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Figure 13. The response~f the tetraaza-12-crown-4 electrode with 
dibutyl phthalate for Cu 
Occurrances of this effect were simultaneous with removal of the 
electrodes from one solution and their placement in the next. In cases 
where this occurred and the slopes were similar, slope values were 
averaged over the range in questions. The jumps in potential 
experienced are attributed to a sensitivity on the part of the PVC-
dibutyl phthalate coating to air contact. This theory is supported by 
the fact that later incorporation of nitrophenyl octyl ether into the 
coating mixture eliminated the effect. 
40 
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For the evaluations of both crown ethers using dibutyl phthalate, 
it can be seen that many values for the mean slope indicate behavior not 
following the Nernst expression. In fact, for tetraaza-12-crown-4, only 
the Al+++, Ba++, K+ and zn++ responses approach true Nernstian 
behavior. For hexaaza-18-crown-6, those ions showing near-ideal 
behavior are Cu++, K+, and zn++. Since the plasticizer used in the 
coating can have a large effect on the behavior observed for these 
electrodes, the evaluations were repeated using nitrophenyl octyl ether 
as the plasticizer in the pellet coating. 
In large part, the potential readings for the electrodes using 
nitrophenyl octyl ether were less noisy and stabilized more rapidly than 
when dibutyl phthalate was used. In a similar manner, though, few of 
the slopes obtained using nitrophenyl octyl ether indicated Nernstian 
response. 
One would expect that the formation of a stable complex between a 
cation and a crown ether molecule which is perhaps slightly larger 
should lead to a predictable, ideal or near~y-ideal response. In the 
results presented here, though, indications are that interferences exist 
which distort the expected results. 
Publications dealing with oxygen-based crown ethers in ion-
selective electrode applications have reported several factors to which 
non-ideal behavior can be attributed. Compatibility between crown ether 
cavity size and ionic size has been shown to lead to extremely strong 
complexation.37,40 In this situation, the crown ether in the membrane 
can become completely complexed with cations resulting in transfer only 
of the anions present through the membrane. The response observed is 
termed "anionic" and is indicated by a negative slope value. In this 
project, however, having the crown ether in pelletized form (with silver 
chloride) provides such a great quantity of crown ether that total 
complexation, even with silver ions present, is unlikely. A similar 
effect has been attributed to decreased mobility of formed complexes. 
Limited movement of the crown ether-cation complex within the pellet in 
combination with free movement of the counter anion would also lead to 
an anionic response. 
Cations which are larger than crown ether cavities tend to form 2:1 
("sandwich") and 3:2 ("club sandwich") crown ether:ion complexes (see 
Fig. 14).22 It is conceivable that strong 1:1 complexes as well as 2:1 
and 3:2 complexes could experience lowered mobility through the pellet 





Figure 14. General representations of (a) 1:1, (b) 2:1, and (c) 3:2 
crown ether-cation complexes. 
By comparing crown ether and cation sizes, it may be possible to 
predict these types of interactions. Although the cavity sizes for aza-
substituted crown ethers are not available, the cavity sizes for oxygen-
ring crown ethers have been published. 
C.J. Pedersen found that all crown ethers with the same number of 
42 
ring members were the same size, regardless of substituent groups on the 
ring.8,41 Therefore, it is reasonable to believe that the values for 
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Most of the ions studied have diameters in the 1.0 to 1.5 ~ range, 
and using this argument, should have similar behaviors. It can be seen 
from the data, however, that few. direct relationships are present. For 
example, a stable complex between the K+ ion and the slightly larger 
hexaaza-18-crown-6 should lead to near-ideal behavior. Using dibutyl 
phthalate in the pellet coating, this was true: an average slope of 
55.0 mV/decade was obtained. Conversely, the same crown ether with 
nitrophenyl octyl ether gave an average response of 10.1 mV/decade, 
which is largely sub-Nernstian. In another example, however, Al+++ 
(l.02 ~ diameter) would be expected to form its most stable complex with 
tetraaza-12-crown-4. The observed slopes for Al+++ evaluations with 
this crown ether are 22.3 and 18.1 mV/decade for dibutyl phthalate and 
43 
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nitrophenyl octyl ether plasticized coatings, respectively. Apparently, 
the ionic size-cavity size relationship plays a part, although other 
factors are involved. 
C.J. Pedersen reported in one of his early publications that larger 
ions with low charge densities could not produce enough attractive force 
to form a strong complex with the crown ethers he tested.a Conversely, 
Pedersen found that small cations with their high electric charge 
density have large attractions for both water and crown ether. They 
tend to undergo hydration predominantly so that the crown ether cannot 
compete successfully for complexation. Failure to form a stable complex 
due to either low or high charge density could result in anionic, sub-
Nernstian, or lack of response. 
Those ions with high charge densities would be Li+ (ionic diameter 
1.28 A), Fe+++ (ionic diameter 1.28 A), and Al+++ (ionic diameter 1.02 
A). The observed slopes for lithium ion are tabulated below. 
Table XVIII 










Results would indicate that interactions leading to sub-Nernstian and 

















Figure 15. - The response of the tetraaza-12-crown-4 electrode with 
dibutyl phthalate for Li+. 
The electrode based on tetraaza-12-crown-4 responded to aluminum 
ion with near-Nernstian slopes for both plasticizers. This is an 
example of a positive correlation between cation size and crown ether 
45 
cavity size. For hexaaza-18-crown-6 electrodes, largely negative slopes 
were observed. These could be due to ineffective competition on the 
part of the crown ether for c6mplexation of the cation, leading to full 
anionic response. The results for Fe+++ ion will be discussed later. 
The ion tested which would have the lowest charge density is K+ 
(ionic diameter 2.66 ~). Non-ideal responses observed in this case seem 
to be attributable to the plasticizer used rather than ineffective crown 
ether competition. Using dibutyl phthaiate, mean slopes of 57.7 and 
55.0 mV/decade were observed for tetraaza-12-crown-4 and hexaaza-18-
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crown-6, respectively. By comparison, slopes of less than 20 mV/decade 
were observed for the crown ethers using nitrophenyl octyl ether. The 
function of the plasticizer in the crown ether pellet coating is to 
provide openings within the PVC matrix for ion transfer. Obviously, a 
compatability between the two entities is necessary for proper 
interaction. 
The positive slope values reported for several ions are greater 
than expected. This type of response is termed hyper-Nernstian and is 
most likely attributable to characteristic behavior of the ions in 
aqueous solution. The electrodes based on tetraaza-12-crown-4 with 
dibutyl phthalate and hexaaza-18-crown-6 with nitrophenyl octyl ether 
gave mean slopes of 57.7 and 47.3 mV/decade, respectively, in response 
to the iron(III) ion. A well known feature of ferric ion is its 
tendency to hydrolyze and form complexes. In aqueous solution, the ion 
forms an octahedral aqua complex, [Fe(H2o) 6J+3 which undergoes the 
following equilibria: 
Another ion which forms an octahedral aqua complex is co++. 43 The 
simplest and one of the most common complexes this ion forms is 
[Co(H2o) 6]+2 which could undergo hydrolysis to form a univalent 
cation. This could account for observed slopes of 48.0 and 40.4 
mV/decade for tetraaza-12-crown-4 and hexaaza-18-crown-6, respectively, 
with dibutyl phthalate. 
Many factors can account for deviations in electrode response from 
the ideal. Further and more intense experimentation will be necessary 
to determine which factors prevail and explain the phenomena observed. 
Such a study is beyond the scope of this investigation. 
Those ions which produced responses approaching ideal behavior were 
used as primary ions for selectivity determinations. In general, the 
smaller the value for the selectivity coefficient, the more selective 
the electrode. Values of 10-3 or less indicate significant selectivity 
for the primary ion.37 
For all of the primary ions tested, very few values obtained from 
any of the electrode systems studied deviated from the 0.1 to 10 range, 
indicating a lack of selectivity. Of particular interest, though, were 
the values for Al+++ primary ion with monovalent interfering ions. In 
each case, K+, Li+, and Na+ interfering ions resulted in values at least 
one order of magnitude greater than nearly all other entries. Applying 
the logic presented earlier, this would imply a preference for 
monovalent cations, but this was not borne out in selectivity studies 
with monovalent primary ions. The electrodes developed here seem to be 
responsive to cations generally, not selectively. 
Although strict lifetime studies were not conducted, records were 
kept of the pellet preparation and useful lifetime data. The optimum 
PVC:plasticizer ratio in the pellet coating was derived from experiments 
comparing behavior. Using dibutyl phthalate, coating mixtures of 
approximately 1.8 g PVC to 2.5 g plasticizer (dissolved in THF) led to 
pellet coatings which began leaking crown ether with their first use. 
Changing the ratio to approximately 2.1 g PVC to 1.9 g plasticizer gave 
pellet coating which lasted but provided a slow stabilization of 
response. A third ratio of equal masses of PVC and plasticizer gave 
optimum results: a rapid response and long-lasting coating. 
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Over the course of the study, sixteen pellets were pressed from the 
crown ethers, coated, and used repeatedly. The end of useful lifetime 
was taken to be the first appearance of unusually noisy, unreproducible 
response. Pellet electrodes used for ion response evaluation studies 
had lifetimes ranging from 16 to 30 days with the average being 24 
days. The lifetime was independent of the number of evaluations done 
using the electrode. Pellet electrodes used for selectivity studies 
tended to have longer lifetimes, the average being 56 days. 
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Comparison of infrared spectra for pure crown ether and used 
pelletized crown ether did not show shifts in the positions of the major 
peaks. End of lifetime was largely attributed to loss of the integrity 
of the pellet coating (and not degradation of the crown ether) since the 
coating usually became discolored and swollen after extended periods in 
the aqueous medium. 
The electrodes developed during this study are of a unique 
design: they employ in pellet form the pure lfgand rather than a salt 
or complex. Based upon evaluation of their behavior in an aqueous 
system, they have been found to be responsive to a variety of cationic 
species over extended concentration ranges. Their methods of 
preparation, conditioning, and storage are easily accomplished, and they 
tend to be rugged and long-lived. ·The electrodes respond rapidly to 
cations in general and as a result, should function well in various 
applications; for example, as detectors for liquid and ion 
chromatography systems. 
RECOMMENDATIONS 
Suggestions for further study include incorporating different 
plasticizers into the pellet coating and finding the effects of 
polyatomic counter anions (e.g., c104-, Po4-3) on cation transfer. In 
addition, electrode evaluation in nonaqueous media should be 
conducted. Proper lifetime studies for the crown ether pellets should 
be included in the electrode development. The effect of pH on electrode 
response would indicate potential complexation with the hydronium ion. 
If such interactions occur, development of a pH electrode may follow. 
Since selectivity coefficients tend to vary with differing solution 
concentrations, selectivity studies over wide concentration ranges 
should also be conducted. Results of these studies may indicate 
selective behavior at activities not investigated here. 
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